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FOREWORD 

The  three  publications  to  which  this  supplementary 
information  applies  could  not  carry  many  details  that  may  be 
important  to  certain  readers . Some  of  the  more  important 
tables  and  detailed  explanations  of  computations  are  included 
herewith.  They  are  thus  available  in  unpublished  form.  Credit 
should  be  given  to  the  authors  for  use  of  any  of  this  unpublished 


material. 
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EXPLANATION  OF  TABLE  7 AND  FIGURES  5,  6,  and  7 


These  tables  are  published  in  Forest  Science  8:  (3) 
236-249,  Sept.  1962  where  a complete  explanation  of  their 
development  is  found.  They  are  included  herewith  for  pur- 
poses of  ready  reference  to  those  who  may  wish  to  use  the 
other  information.  Figures  5,  6,  and  7 represent  curved 
information  shown  in  Table  7 . 
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Total  stand  information  from  Table  3.  4,  and  5,  Meyer,  1938.  See  text  for  derivation  of  dominant  stand  information. 

f 

Average  diameter  represents  the  diameter  of  a tree  of  average  basal  area. 
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NUMBER  TREES  PER  ACRE 
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AGE-YEARS 


Figure  6,  (Lemmon  and  Scfewaacher,  1962®) » Relationship  between  age 
and  nmaber  of  dominant  and  codominant  trees  per  acre  in  even- 
aged  ponder m&  pin®  stands. 
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AGE-YEARS 

Figure  7,  (Le®®©®  and  Schumacher , 1962a)  Relationship  between  age  and 
basal  area  for  the  dominant  and  codominant  portion  of  unthinned 
eve® -aged  ponderosa  pine  stands  fey  site  lades,  glasses. 
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EXPLANATION  OF  TABLE  7a  AND  FIGURE  8 (unpublished) 

Using  derived  values  (see  preceding  section)  for  the  dominant 
and  codominant  portions  of  normal  unthinned  stands,  calculations  were 
made  as  shown  in  table  7a  to  indicate  the  reduction  in  basal  area  at 
different  ages  and  for  different  site  classes  when  the  (D+6)  spacing 
rule  was  applied.  The  values  have  been  curved  in  Figure  8 and  related 
on  a percentage  basis  to  that  of  the  unthinned  stand  at  like  ages  and 
on  like  sites. 
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TABLE  » Calculated  reduction  in  basal  area  for  different  sites  throughout  the  life  of 

the  dominant  portion  of  unthinned,  fully  stocked  stands  of  Ponderosa  pine,  by  applica- 
tion of  the  (I >f6)2  spacing  formula^/ 

Site  Index  40 


Dominant 

unthinned  stand 

After  thinning  to 

(D *6Yd 

Average  No. 

Basal  area  in 

Average  No. 

Basal  area 

Age 

Diameter 

trees  per 

square  feet 

trees  per 

Percentage 

(years) 

(inches ) 

acre 

per  acre 

acre 

Square  feet 
per  acre 

of  the 
un thinned 
stand 

a) 

(2) 

(3; 

(4) 

(5) 

(6) 

(7) 

40 

2.8 

2,348 

101 

566 

24 

24 

50 

3.4 

1,560 

96 

495 

31 

32 

60 

4.2 

1,010 

97 

419 

40 

41 

70 

5.2 

650 

96 

348 

51 

53 

80 

6.2 

458 

9 6 

292 

61 

64 

90 

7.4 

330 

99 

242 

72 

73 

100 

8.4 

255 

98 

210 

81 

83 

140 

11.4 

137 

97 

144 

102 

105 

180 

13.3 

101 

97 

117 

113 

116 

200 

14.2 

87 

96 

Site  Index  60 

107 

118 

123 

20 

2.7 

1,213 

48 

573 

23 

48 

30 

3.5 

1,100 

73 

485 

32 

44 

40 

4.6 

946 

109 

389 

45 

41 

50 

5-9 

590 

112 

307 

58 

52 

60 

7.3 

396 

115 

246 

72 

63 

70 

8.6 

286 

115 

205 

83 

72 

100 

12.0 

150 

118 

134 

105 

89 

140 

15.5 

90 

118 

95 

124 

105 

180 

17.9 

69 

121 

76 

133 

no 

200 

18.8 

- 60 

116 

Site  Index  80 

71 

137 

n8 

20 

3.4 

903 

57 

495 

31 

54 

30 

5-4 

630 

100 

335 

53 

53 

40 

7.3 

430 

125 

246 

72 

58 

50 

9.0 

315 

139 

194 

86 

62 

60 

10.5 

235 

141 

160 

96 

68 

70 

11.8 

184 

140 

137 

104 

74 

100 

15.2 

112 

l4l 

97 

122 

67 

140 

19.3 

70 

142 

68 

138 

97 

180 

23.0 

51 

147 

52 

150 

102 

— 

--- 

--- 

... 

... 



200 

23*3 

45 

133 

Site  Index  100 

51 

151 

n4 

20 

5.3 

407 

62 

340 

52 

84 

30 

7.9 

335 

114 

226 

77 

68 

40 

10.0 

274 

149 

170 

93 

62 

50 

11.6 

215 

158 

141 

103 

65 

60 

13.0 

168 

155 

121 

112 

72 

70 

14.3 

142 

158 

106 

118 

75 

100 

18.1 

89 

159 

75 

134 

84 

140 

22.4 

58 

159 

54 

148 

93 

180 

26.3 

42 

158 

42 

178 

113 

200 

27.7 

37 

155 

Site  Index  120 

38 

159 

103 

20 

7.6 

256 

81 

235 

74 

91 

30 

10.2 

230 

131 

166 

94 

72 

4o 

12.2 

203 

165 

132 

107 

65 

50 

13.8 

165 

171 

111 

115 

67 

60 

15.3 

139 

177 

96 

123 

69 

70 

16.7 

118 

179 

85 

129 

72 

100 

20.6 

78 

181 

62 

143 

79 

l4o 

25.4 

50 

176 

44 

155 

88 

180 

29.5 

36 

171 

35 

166 

97 

— 

... 

--- 

... 

... 

... 

200 

31.0 

32 

168 

Site  Index  140 

32 

168 

100 

20 

9.4 

197 

95 

184 

89 

94 

30 

12.1 

177 

141 

133 

106 

75 

40 

14.3 

162 

181 

106 

118 

50 

16.2 

138 

198 

88 

126 

64 

60 

17.9 

120 

210 

76 

133 

63 

70 

19.3 

102 

210 

68 

138 

66 

80 

20.7 

89 

208 

61 

143 

69 

90 

22.1 

7 6 

202 

55 

147 

73 

100 

23.3 

68 

201 

Site  Index  160 

51 

151 

75 

20 

11-7 

145 

108 

139 

104 

96 

30 

14.2 

H*3 

157 

107 

118 

75 

40 

16.3 

138 

200 

88 

128 

64 

50 

18.2 

120 

217 

74 

134 

62 

60 

19.6 

105 

225 

65 

139 

62 

70 

21.3 

91 

225 

58 

144 

64 

80 

22.7 

80 

225 

53 

149 

66 

90 

24.0 

71 

223 

48 

151 

68 

77 — 

25.3 

63 

220 

44 

154 

70 

Values  in  numbered  columns  ar  follows:  (l ) — self  explanatory;  (2)— from  table  3 
and  fig.  4;  (3)— from  table  3 and  fig.  5;  (4 )— calculated  from  information  in  columns  2 
and  3;  (5 )— calculated  from  columns  2 and  the  formula  43560/  (E*6)2;  (6)— calculated  from 
columns  2 and  5;  (7 )— calculated  from  columns  4 and  6. 


BASAL  AREA-PERCENT  OF  THAT  FOR  THE  UNTHINNED  DOMINANT  STAND 
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AGE-YEARS  AGE-YEARS 

Figure  8. area  of  dominant  stand©  after  applying  the  0^6)^  gpaeiag 
formula,  for  different  site  iadass  elastes , expressed  as  percent  of  that 
for  the  un thinned  dominant  stand/  (Curved  information  fr <sm  Tab!®  7a.} 


EXPLANATION  OF  TABLE  8 (unpublished) 


This  table  shows  calculations  to  derive  the  factor  wFtr 
in  the  biological  spacing  formula,  as  published  in  Forest 
Science  9:  (1)  33-43,  March,  1963. 
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TARLF  8. --Ratio  of  ,'vernpe  space  occupied  and  square  of  the  average  diameter  of 
dominant  and  codominant  treea  in  fully  stocked  unmc•n'‘cre':,  ^onieroB-  pine  stand 
as  influenced  by  ^ge  and  site  inde^  1/ 

Rite  Tndex  4o 


A*e 

Piameter 

Average  trees 
per  acre 

Average  space  r>i  ameter 

per  tree  squared 

Rnace ' gnu- red 
dl * meter 
T,slue  of  R1 

(1) 

0) 

(?) 

(4) 

(5) 

(6) 

Years 

Inches 

dumber 

Square  feet 

v> 

P.8 

2,  ’48 

IQ 

7.84 

2.42? 

50 

3.4 

’,562 

08 

11.56 

?.422 

6° 

4.0 

1,010 

43 

17.64 

2.488 

70 

5.2 

650. 

67 

-57.04 

2.478 

80 

6.? 

458 

95 

38.44 

2.471 

90 

7.4 

330 

54.76 

2.411 

100 

8.4 

255 

171 

70.56 

2.428 

140 

11.4 

137 

318 

1PQ.96 

2.446 

180 

13.3 

101 

4rt 

176.8a 

R.437 

poo 

14.  P 

87 

sot 

poi.64 

2.485 

Average  of  all  F values 

of  50  years  and 

above  = 2.5 

Rite 

Index  60 

po 

2.7 

1,213 

36 

7.P9 

4.938 

30 

3.5 

1,100 

40 

l?.°5 

3.265 

4o 

4.6 

Q46 

46 

ai.16 

0.^7h 

50 

5.9 

590 

74 

34.81 

2.126 

60 

7.3 

390 

110 

53. PO 

2.064 

70 

8.6 

P86 

15? 

73.06 

2.055 

10O 

12.0 

150 

POO 

144.00 

2.014 

140 

15.5 

90 

)^84 

2*10.25 

2.015 

180 

17.9 

69 

6R1 

3?0.4l 

1.060 

POO 

18.8 

60 

726 

353.44 

2.054 

Average  of  t 

>11  v values 

of  5°  years  and 

above  - 2.0 

Rite 

Index  80 

?0 

3»4 

003 

48 

n.56 

4.15? 

30 

5.4 

6 30 

69 

29.16 

2.366 

4o 

7.3 

430 

101 

53.29 

i .805 

50 

9.0 

315 

138 

81.00 

1.704 

60 

10.5 

185 

no.  25 

1.678 

70 

11.8 

1&4 

?37 

130. ?4 

1.7^2 

100 

15.?  . 

11^ 

38o 

2^]  .04 

1.684 

140 

19.3 

70 

6P2 

37P.49 

1.670 

180 

23.0 

51 

854 

529.00 

1.614 

POO 

23.3 

45 

968 

542.88 

1.783 

Average  of 

an  F values 

of  5°  years  and 

above  =1.7 

Site 

Tndex  100 

PO 

5.3 

407 

107 

28.09 

3.809 

30 

7.9 

33S 

130 

oP.  41 

2.083 

40 

10.0 

274 

159 

100.00 

1.590 

50 

11.6 

215 

203 

134.56 

1.508 

60 

13.0 

168 

259 

I69.OO 

1.533 

70 

14.3 

142 

307 

204.49 

1.501 

100 

18.1 

8o 

489 

327.61 

1.493 

140 

22.4 

58 

751 

501.76 

1.497 

180 

?6.3 

4p 

1,037 

691.69 

1.499 

POO 

?7.7 

37 

1,177 

767.29 

1.534 

Average  of 

an  F values 

of  50  years  and 

above  = 1.5 

Rite 

Index  IPO 

PO 

7.6 

25° 

170 

57.76 

2.943 

30 

10.2 

PRO 

180 

104.04 

1.817 

40 

1P.P 

POP 

215 

148.84 

1.445 

50 

13.8 

165 

2o4 

TOO.  4b 

1.880 

60 

15.3 

130 

313 

284.00 

1.337 

70 

18.7 

ii.8 

369 

278.89 

1.3P3 

100 

20. 0 

78 

538 

424.36 

1.315 

140 

25.4 

50 

871 

64-5. 16 

1.350 

180 

29.5 

3o 

1,212 

870.25 

1.393 

POO 

31.0 

3? 

1,361 

961.OO 

1.416 

Average  of 

ell  F values 

of  5°  yeans  and 

above  = 1.4 

Rite 

Index  140 

20 

0.4 

197 

221 

88.46 

2.50.1 

30 

12.1 

177 

P46 

146.41 

1.680 

40 

1*1.3 

162 

?6o 

204.40 

1.315 

50 

16.2 

138 

316 

260.44 

1.204 

60 

17.9 

120 

383 

3P0.41 

1.132 

70 

19.3 

10? 

4?7 

372.49 

1.146 

80 

P0.7 

80 

48o 

426.42 

1.147 

90 

22.1 

76 

573 

488.41 

1.173 

100 

23.3 

68 

641 

542.89 

i.isi 

Average  of 

an  f values 

of  50  years  and 

above  = 1.2 

Rite 

Index  160 

PO 

11.7 

145 

300 

136.89 

2.19P 

30 

14.2 

143 

ROR 

pot .64 

1.513 

40 

16.3 

i.p8 

316 

265. oO 

1.1 89 

50 

18.2 

IPO 

363 

331.24 

l.OQo 

60 

19.8 

105 

415 

399.04 

1 .059 

70 

Pi.  3 

01 

471 

453.60 

1.055 

80 

22.7 

80 

545 

515.20 

A-.058 

00 

24.0 

71 

614 

576.00 

1.066 

100 

25.3 

63 

601 

640.00 

1.079 

Average  of  all  F values  of  50  yearn  and  above  = 1.1 
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EXPLANATION  OF  TABLES  9 AND  10,  AND  FIGURE  9 (unpublished) 

Using  derived  values  for  the  dominant  and  codominant  portions 
of  normal  unthinned  stands  (see  preceding  section)  calculations 
were  made  as  shown  in  Table  9 to  indicate  the  reduction  in  basal 
area  at  different  ages  and  for  different  site  classes  when  the 
biological  spacing  formula,  S 3 (D+X) % , was  applied.  Several 
values  for  the  constant  "XM  are  used.  The  basal  area  values  were 
expressed  as  percent  of  those  for  the  dominant  portion  of  unthinned 
stands  of  like  ages  and  site  index.  Table  10  represents  a summary 
of  some  of  the  information  shown  in  Table  9.  Average  values  from 
Table  9 were  plotted  and  curved  for  different  sites  and  different 
degrees  of  spacing  in  Figure  9 to  show  the  reduction  in  basal  area 
by  applying  the  biological  spacing  formula. 
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TABLE  10. — Summary  of  basal  area,  expressed  as  percentage  of  that  for  unthinned 
dominant  stand,  by  age,  site  index,  and  different  degrees  of  thinning  with  the 
biological  spacing  rule  (summarized  from  table  9) 


Age 

Site  index 

Basal  area  expressed  as  percentage  of  that 
unthinned  stand 

for  dominant 

(nt-1  )2F 

(m-2)2F 

0>t3)2F 

(l+thJ^F 

20 

60 

51* 

33 

23 

17 

80 

6c 

ho 

28 

21 

100 

71 

53 

ho 

32 

120 

78 

63 

52 

i+3 

IhO 

82 

68 

57 

h9 

160 

6s 

J1 

bh 

56 

Average—--- 

— 72 

55 

hh 

36 

Uf) 

6o 

68 

1*9 

37 

28 

So 

77 

62 

50 

h2 

100 

82 

69 

59 

51 

120 

85 

lb 

6h 

56 

IhO 

87 

77 

68 

61 

i6o 

79 

J1 

65 

Average— 

. — 81 

68 

58 

51 



6o 

77 

61 

50 

h2 

So 

8h 

71 

61 

52 

10O 

86 

75 

66 

59 

120 

89 

79 

70 

63 

IhO 

8q 

81 

73 

66 

160 

Average 

5(|$ 

1 

1 

1 

83 

75 

75 

“35 

70 

59 

HO- 

60 

83 

69 

59 

51 

80 

86 

75 

66 

58 

100 

89 

78 

71 

6h 

120 

90 

81 

73 

67 

Ho 

90 

83 

75 

70 

160 

JL 

8h 

78 

72 

Average- 

88 

78 

70 

6h 

100 

60 

86 

71* 

65 

57 

So 

88 

78 

70 

63 

100 

90 

81 

71* 

67 

120 

91 

83 

76 

7° 

1.1*0 

91 

8h 

78 

72 

160 

92 

«5 

79 

71* 

Average—— 

81 

71* 

67 

120 

87 

78 

69 

6l 

80 

90 

60 

73 

67 

100 

9] 

83 

78 

70 

120 

91 

85 

78 

72 

1 10 

— 

— 

— 

— 

l6o 

— 

— 

— 

— 

Average — 

90 

82 

lb 

68 

lie 

6o 

88 

80 

71 

6h 

80 

91 

82 

75 

69 

100 

92 

81+ 

78 

72 

120 

92 

86 

80 

74 

IhO 









160 

— 

— 

— 

— 

Average — 

91 

8 3 

76 

70 

160 

89 

81 

73 

66 

80 

92 

83 

77 

72 

100 

92 

85 

79 

lb 

120 

93 

87 

81 

75 

IhO 

— 

— 

— 

— 

160 

— 

— 

— 

— 

Average- — 

~ 92 

“ST 

"78 

— 

]8o 

90 

81 

74 

67 

80 

92 

8h 

78 

73 

100 

93 

86 

80 

75 

120 

93 

88 

83 

77 

lhO 

— 

— 

-- 

— 

160 

— 

— 

— 

— 

Average— 

85 

79 

73 

200 

90 

81 

7h 

87 

80 

92 

85 

79 

71* 

100 

93 

86 

81 

78 

120 

93 

87 

8h 

78 

lho 

— 

— 

— 

— 

160 

— 

— 

— 

— 

Average-—— 

75 

“So 
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BASAL  AREA -PERCENT  OF  THAT  FOR  THE  UNTHINNED  DOMINATE  STAND 
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Plgere  9.  Basal  area  of  dominant  stand®  of  posaderosa  pine  after  applying  the  biologies!  spacing 
formula  (B+X) % , for  different  sit®  indexes  and  for  different  values  of  the  factor  X, 
expressed  mb  percent  of  that  for  the  unthinned  dominant  stand.  (Plotted  and  curved  from 
information  in  Table  10). 
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EXPLANATION  OF  TABLE  11  (unpublished) 


This  is  a summary  of  the  tabulations  and  computations 
referred  to  in  Forest  Science  9:  (1)  33-43,  March,  1963, 
to  determine  the  correct  thinning  interval  lengths  when 
applying  the  biological  spacing  formula  with  different 
degrees  of  spacing.  Only  the  average  values  were  plotted 
and  curved  in  the  article  cited. 
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TABLE  11. --Average  of  all  basal  area  values  at  the  ends  of  each  growth  interval 
beyond  50  years  of  age,  expressed  as  percentage  of  the  average  basal  area  of 
the  dominant  portion  of  unthinned  stands  of  comparable  age 


Length  of  Site 
thinning  index 
interval  class 

Degree  of  spacing  in  thinned  stands 

(D+0)2F 

(D+1)2F 

(D+2)2F 

(D+3)2F 

(D+4)2F 

Years 

Percent 

Percent 

Percent 

Percent 

Percent 

5— 

60 

109.0 

93.0 

82.0 

73.0 

65.0 

100 

106.0 

98.0 

91.0 

85.O 

80.0 

140 

101.0 

96.0 

90.0 

86.0 

75.0 

Average  all  sites 

— - 105.3 

95.6 

87.7 

81.3 

73.3 

10- 

118.0 

101.0 

88.0 

79.0 

70.0 

100 

112.0 

103.0 

96.0 

89.O 

84.0 

140 

105.0 

99.0 

94.0 

89.O 

85.0 

Average  all  sites 

111.7 

101.0 

92.7 

85.7 

79-7 

15- 

60 

128.0 

109.0 

95.0 

89.O 

76.0 

100 

119.0 

113.0 

101.0 

94.0 

89.0 

140 

110.0 

103.0 

98.0 

93.0 

88.0 

Average  all  sites 

— 119.0 

108.3 

98.0 

90.3 

84.3 

20- 

60 

131.0 

113.0 

99.0 

89.O 

80.0 

100 

120.0 

111.0 

103.0 

96.0 

90.0 

140 

112.0 

105.0 

100.0 

95.0 

90.0 

Average  all  sites——— 

121.0 

110.0 

100.7 

93.3 

86. 7 

Each  value  in  these  columns  represents  the  average  for  all  thinning  intervals  beyond 
50  years  of  age.  Although  not  from  identical  calculations,  the  variation  by  age  existing 
within  each  average  is  of  about  the  same  magnitude  as  shown  for  the  different  sites  in 
fig.  14. 
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EXPLANATION  OF  TABLES  12,  13,  14,  15,  and  16 


(unpublished  except  for  Table  13) 

These  are  the  complete  sets  of  calculated  growth  and  yield 
information  for  site  classes  60,  80,  100,  120,  and  140  using 
the  biological  spacing  formula  with  uniform  thinning  interval 
lengths  of  5,  10,  15,  and  20  years.  Table  13  for  site  index 
80  was  published  as  an  example  in  Forest  Science  9:  (1)  33-43, 
March,  1963. 

Source  or  derivation,  and  explanation  of  columns  1 through 


14  are: 

Column  No. 

Item  and  explanation 

g 

Self  explanatory. 

2 

Thinning  regimes  were  started  at  30  years  of 
age  using  stand  information  from  table  7 or 
curved  values  from  figures  5,6,  and  7.  These 
are  shown  on  the  first  line  of  each  schedule 
opposite  the  word  n start. n Subsequent  entries 
in  this  column  show  the  beginning  and  ending 
ages  of  each  thinning  interval. 

3 

The  first  diameter  value  is  from  Table  7 (read 
from  the  curved  values  in  Fig.  5).  The  second 
value  is  obtained  from  the  first  entry  by  adding 
0.5  inch.  It  is  assumed  that  the  first  thinning 
results  in  a larger  average  diameter  of  residual 
dominant  and  codominant  stems  than  the  average 
diameter  of  that  portion  of  the  stand  prior  to 
thinning.  Subsequent  entries  in  column  3 are 
obtained  from  column  4 of  the  line  immediately 
above. 

4 

Values  obtained  by  a 5-year  projection  method,  i.e., 
past  5 -year  radial  growth  under  stated  conditions 
of  age,  diameter,  and  basal  area  density  fixed  by 
thinning  rules  was  calculated  according  to  Equa- 
tion III,  short  form  (Lemmon  & Schumacher,  1962a) 
and  added  to  the  beginning  diameter. 

5 

Starting  values  from  Table  7 and  Figure  6.  Sub- 
sequent values  derived  by  dividing  43560  (the 
number  of  square  feet  per  acre)  by  the  space  pro- 
vided for  the  average  diameter  tree  with  the 
thinning  rule  used.  For  instance, 
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2 

S (space)  ~ (D+X)  F when  the  biological  spacing 
rule  is  used.  Where  thinning  intervals  were 
longer  than  5 years,  new  conditions  were  set 
up  for  the  equation  and  diameter  increase 
calculated  and  projected  for  a second  5 -year 
period  or  fraction  thereof.  In  each  recalculation 
the  number  of  trees  per  acre  was  fixed  at  the 
start  of  each  interval  and  remained  the  same 
throughout  the  period,  assuming  no  loss  from 
mortality.  In  the  case  of  the  biological  spacing 
rule,  the  value  F for  ages  prior  to  50  years  was 
read  from  (Fig.  1,  Leranon  and  Schumacher,  1963 ^f) . 

Calculated  from  elumng  3 and  5. 

1 

Calculated  from  columns  4 and  5. 

8 

From  table  7 and  figure  7 at  the  ending  age  of  each 
thinning  interval. 

9 and  10 

Based  on  values  in  column©  4 and  5 and  height  infor- 
mation from  site  index  curves.  Cubic  feet  values 
obtained  from  the  Vj,  equation  (see  explanation  of 
volume  equations),  and  board  feet  values,  International 
rule,  1/8 -inch  kerf,  obtained  from  the  V2  equation 
equation  when  electronic  computations  were  used. 

For  desk  calculations  these  values  were  read  from 
curves  plotted  from  original  data  in  tables  32  and 
33  (Meyer,  1938).  No  cubic  feet  volume  is  assumed 
to  exist  for  trees  less  than  4 inches  in  diameter.  No 
board  feet  volume  is  assumed  to  exist  for  trees  less 
than  8 inches  in  diameter. 

11  and  12 

These  columns  give  volumes  removed  at  the  beginning  of 
each  thinning  interval.  Calculations  were  made  in 
the  same  way  as  explained  above  for  columns  9 and  10. 
Diameters  used  in  this  case  were  obtained  from  column  3 
(starting  diameters)  and  the  number  of  trees  removed 
by  subtracting  the  value  in  column  5 from  the  preceding 
value  in  column  5.  Site  index  curves  were  used  t© 
determine  height. 

13 

Sum  of  values  in  column  9 and  11  plus  all  preceding 
values  in  column  11. 

14 

Sum  of  values  in  columns  10  and  12  plus  all  preceding 
values  in  column  12. 
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TABLE  12. — Calculated  grovth  and  yield  for  hypothetical  Fonderosa  pine  stands  of  site  index  60  for  four  thinning  regimes  that  give 

y 

theoretical  optimum  production 


Site  index  60--5  year  thinning  interval—  (EH-O.  5 )2F  spacing 


111  inning 

Basal 

feet  per  acre 

Residual 

volume 

Vol'ame 

removed 

Volume-* 

■residual  plus 

area — square 

Trees 
per  acre 

per 

acre 

cumulative 

removed  per  acre 

Thinned  stand 

Age  Start 

End 

Unthinned 

Cu.  ft. 

Bd.  ft. 

Cu.  ft. 

. ft. . 

Cu.  ft. 

Bd.  ft. 

X 10 

Start 

dominant  stand 

x 10 

V.  10 

(i) 

(2)  (3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(u) 

(12) 

(13) 

(14) 

Years  in. 

in. 

No. 

30  3-5 

1,100 

93 

1 

30-35  4.0 

702 

61 

81 

104 

o42 

d42 

2 

3 

35-40  4.6 

40-45  5.1 

5.1 

5.6 

660 

614 

76 

87 

94 

105 

109 

112 

1,122 

1,351 

50 

?8 

— - 

1,172 

1,479 

i* 

5 

45-50  5.6 

50-55  6.1 

6.1 

6.5 

531 

469 

91 

99 

108 

113 

115 

116 

1,467 

1,66' 

183 

118 

--- 

1,796 

2,092 



55-60  6.5 

6.9 

436 

100 

113 

117 

1,786 

180 

2,397 

7 

60-65  6.9 

7.3 

389 

101 

113 

118 

1,067 

193 

2,669 

65-70  7.3 

7.7 

346 

101 

113 

no 

1,949 

197 

2,94b 

o 

70-75  7.7 

8.1 

316 

ice 

113 

ns 

2,022 

368 

179 

— 

3,200 

348 

10 

75-80  8.1 

8.5 

267 

103 

113 

118 

2,124 

459 

136 

32 

3,463 

401 

11 

60-85  8.5 

8.9 

262 

103 

113 

lib 

2,201 

576 

185 

40 

3,750 

646 

12 

85-90  6.9 

9.3 

241 

104 

114 

lib 

2,290 

675 

176 

46 

4,015 

793 

13 

90-95  9-3 

9.6 

221 

104 

111 

no 

2,321 

796 

190 

50 

4,236 

970 

14 

95-100  9.6 

9.9 

208 

105 

111 

no 

2,454 

894 

137 

47 

4,506 

1,115 

15 

100-105  9.9 

10.2 

196 

105 

111 

llo 

2,546 

1,019 

142 

52 

4,742 

1,292 

16 

105-110  10.2 

10.5 

165 

105 

111 

116 

2,646 

1,129 

143 

57 

4,963 

1,459 

17 

110-115  10.5 

10.6 

176 

106 

112 

llo 

2,761 

1,232 

129 

50 

5,247 

1,612 

18 

115-120  10.6 

11.1 

166 

106 

112 

lib 

2,855 

1,311 

158 

70 

5,479 

1,761 

19 

120-125  11.1 

11.4 

156 

106 

112 

118 

2,923 

1,406 

138 

63 

5,665 

1,919 

20 

125-130  11.4 

11.7 

150 

106 

112 

llo 

3,000 

1,470 

143 

71 

5,910 

2,054 

21 

130-135  11.7 

12.0 

143 

107 

112 

118 

3,103 

1,544 

140 

09 

6,153 

2,197 

22 

135-140  12.0 

12.3 

136 

107 

112 

118 

3,lo9 

1,618 

152 

76 

6,371 

2,347 

23 

140-145  12.3 

12.6 

130 

107 

113 

llo 

3,250 

1,690 

140 

71 

6,592 

2,490 

24 

145-150  12.6 

12.9 

124 

107 

113 

lib 

3,3*0 

1,761 

150 

78 

6,840 

2,639 

37*92 

87  b 

Site 

index  60 — 10 

year  thinning  interval — 

(D+1.1)2F 

spacing 

Start 

30  3.5 

1,100 

30-40  4.0 

5.2 

Eg 

48 

80 

109 

927 

ooj 

40-50  5.2 

6.2 

72 

103 

115 

1,369 

95 

1,1+64 

3 

50-60  6.2 

7.0 

400 

64 

107 

117 

1,640 

249 

1,984 

60-70  7.0 

7 .q 

32? 

86 

no 

118 

1,809 

316 

2,469 

5 

70-80  7.9 

80-90  8.6 

6.6 

262 

89 

10b 

U8 

1,939 

419 

242 

— 

2,64l 

419 

6 

9.4 

226 

91 

109 

118 

2,147 

633 

266 

53 

3,315 

691 

7 

90-100  9.4 

10.2 

193 

93 

no 

lid 

2,277 

630 

314 

92 

3,759 

980 

6 

100-110  10.2 

10.6 

166 

94 

106 

11a 

2,374 

1,013 

319 

116 

4,175 

1,279 

9 

no-120  10.8 

11.5 

150 

95 

108 

113 

2,580 

1,185 

229 

9b 

4,610 

1,549 

10 

120-130  11.5 

12.1 

134 

97 

107 

113 

2,680 

1,313 

275 

126 

4,985 

1,803 

11 

130-140  12.1 

12.7 

122 

97 

107 

ll8 

2,867 

1,452 

240 

113 

5,412 

2,060 

12 

140-150  12.7 

13.3 

112 

99 

108 

118 

3,024 

1,590 

27?io 

U2 

727 

5,804 

2,317 

Site 

index  60 — 15 

year  thinning  interval— 

(l>tl.8)2F  spacing 

Start 

30  3-5 
30-45  4.0 
45-60  5-7 

1,100 

m 

93 

112 

117 

E 

922 

1,^39 

7'i 

150 

3 

60-75  7.1 

8.3 

269 

74 

101 

118 

1,722 

296 

336 

— 

2,208 

296 

4 

75-90  6.3 

9.6 

206 

78 

105 

118 

1,976 

582 

390 

67 

2,052 

649 

5 

90-105  9.6 

10.7 

164 

82 

102 

110 

2,132 

353 

416 

123 

3,426 

1,043 

6 

105-120  10.7 

11.6 

136 

85 

103 

no 

2,339 

1,074 

364 

146 

3,997 

1,410 

7 

120-135  11.8 

12.8 

115 

67 

103 

lid 

2,507 

1,242 

361 

1 66 

4,526 

1,744 

6 

135-150  12.6 

13-7 

100 

09 

102 

118 

2,700 

1,420 

327 

162 

5,046 

2,084 

Site 

index  60 — 20 

year  thinning 

interval — 

’(IH2.2)2F  spacing 

30  3-5 

30-50  4.0 

1,100 

369 

93 

115 

32 

77 

1,033 

1 680 

50-70  6.2 

7.9 

300 

63 

102 

ns 

193 

1,673 

3 

70-90  7.9 

9.6 

208 

71 

105 

118 

1,976 

582 

515 

— 

2,664 

582 

it 

90-110  9.6 

11.2 

153 

77 

105 

ns 

2,188 

933 

523 

154 

3,419 

l,0b7 

5 

110-130  11.2 

12.7 

116 

61 

104 

llo 

2,360 

1,156 

501 

214 

4,092 

1,524 

6 

130-150  12.7 

14.0 

96 

84 

103 

118 

2,592 

1,363 

440 

216 

4,764 

1,947 

2,172 

5o4 

See  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  Ik 


TABI£  . — Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  80  for  four  thinning  regimes  that  give  theoretical 


optimum  production 


Site  index  80 — 5 year  thinning  interval — ( D+0 . 5 ) ^F  spacing 


Thinning 

Basal  area — square  feet  per  acre 

Residual 

volume 

Volume 

removed 

Volume— 

-residual  plus 

cycle 

Diameters 

Trees 

per  acre 

per 

acre 

cumulative 

removed  per  acre 

No. 

Age 

Start 

per  acre 

Thinned 

stand 

Unthinned 

Cu.  ft- 

Bd.  ft. 

in  tens 

Cu.  ft, 

. Bd.  ft. 
in  tens 

Cu.  ft. 

Bd.  ft. 

in  tens 

Start 

End 

dominant  stand 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(6) 

(9) 

do) 

(11) 

(12) 

(13) 

(14) 

Years 

in . 

in. 

No. 

Start 

30 

30-35 

5-4 

5-9 

635 

400 

102 

n5 

1,270 

1,400 

1,270 

1,870 

7.0 

76 

470 

2 

35-ito 

7-0 

8.0 

346 

93 

121 

124 

1,801 

348 

182 

2,453 

348 

3 

40-45 

8.0 

8.9 

307 

107 

133 

131 

2,lo0 

522 

213 

4l 

3,045 

563 

i* 

lt5-50 

8-9 

9-7 

271 

117 

139 

135 

2,520 

766 

256 

61 

3,641 

886 

5 

50-55 

9-7 

10.4 

239 

123 

141 

137 

2,772 

1,052 

298 

93 

4,191 

1,247 

6 

55-60 

10.4 

11.1 

209 

123 

140 

139 

2,96a 

1,233 

348 

132 

4,735 

1,560 

7 

60-65 

11.1 

11.7 

184 

124 

137 

139 

3,091 

1,398 

355 

146 

5,213 

1,873 

6 

65-70 

11.7 

12.2 

165 

123 

134 

139 

3,218 

1,551 

319 

144 

5,659 

2,170 

9 

70-75 

12.2 

12.7 

153 

124 

135 

139 

3,443 

1,744 

234 

113 

6,118 

2,476 

10 

75-80 

12-7 

13-3 

141 

124 

136 

139 

3,610 

1,675 

270 

137 

6,555 

2,744 

11 

80-85 

13-3 

13-7 

129 

124 

132 

139 

3,715 

2,000 

307 

160 

6,967 

3,029 

12 

85-90 

13-7 

14.2 

122 

125 

134 

139 

3,904 

2,172 

202 

109 

7,358 

3,310 

13 

90-95 

14.2 

14.7 

115 

126 

136 

139 

4,060 

2,335 

224 

125 

7,738 

3,598 

14 

95-100 

14.7 

15.2 

107 

126 

135 

139 

4,141 

2,461 

282 

162 

8,101 

3,886 

15 

100-105 

15.2 

15-7 

100 

126 

134 

139 

4,200 

2,570 

271 

161 

8,431 

4,156 

16 

105-110 

15-7 

16.1 

94 

126 

133 

139 

4,296 

2,679 

252 

154 

8,779 

4,419 

17 

HO-115 

16.1 

16.5 

90 

127 

134 

139 

4,410 

2,626 

183 

114 

9,076 

4,680 

is 

115-120 

I6.5 

16.9 

86 

128 

134 

139 

4,558 

2,950 

196 

126 

9,420 

4,930 

19 

120-125 

I6.9 

17-3 

81 

126 

132 

139 

4,617 

3,021 

265 

172 

9,744 

5,173 

20 

125-130 

17-3 

17.7 

77 

126 

132 

139 

4,697 

3,142 

228 

149 

10,052 

5,443 

21 

130-135 

17-7 

18.1 

74 

126 

132 

139 

4,847 

3,241 

183 

122 

10,385 

5,664 

22 

135 -140 

18.1 

18.6 

72 

129 

136 

139 

4,968 

3,364 

131 

88 

10,637 

5,895 

23 

140-145 

18.6 

19-0 

68 

128 

134 

139 

5,032 

3,400 

276 

188 

10,577 

6,099 

24 

145-150 

19.0 

19.4 

64 

127 

131 

139 

5,056 

3,424 

296 

200 

11,297 

6,323 

£,241 

2,699 

Site 

index  80- 

■—10  year  thinning  interval — (D+l.l)^F  spacing 

Start 

30 

5-4 

635 

102 

1,270 

"T 

30-40 

5-9 

8.1 

335 

64 

120 

124 

1,742 

335 

600 

2,342 

335 

2 

40-50 

8.1 

3.8 

262 

94 

137 

135 

2,437 

760 

380 

73 

3,  **17 

833 

3 

50-60 

9.8 

11.1 

209 

109 

140 

139 

2,966 

1,233 

493 

154 

4,441 

1,460 

4 

60-70 

11.1 

12.3 

168 

113 

139 

139 

3,276 

1,579 

562 

242 

5,331 

2,048 

5 

70-60 

12-3 

13-3 

139 

H5 

134 

139 

3,558 

1,849 

566 

273 

6,179 

2,591 

6 

30-90 

13-3 

14.3 

120 

116 

134 

139 

3,840 

2,136 

486 

253 

6,947 

3,131 

7 

90-100 

14.3 

15-3 

105 

117 

134 

139 

4,064 

2,415 

480 

267 

7,651 

3,677 

3 

100-110 

15-3 

16.1 

92 

117 

130 

139 

4,204 

2,622 

503 

299 

8,294 

4,183 

9 

110-120 

16.1 

16.9 

84 

119 

131 

139 

4,452 

2,881 

366 

228 

8,908 

4,670 

10 

120-130 

16-9 

17-7 

77 

120 

132 

139 

4,697 

3,142 

371 

240 

9,524 

5,171 

11 

130-140 

17-7 

18.5 

70 

120 

131 

139 

4,900 

3,290 

427 

286 

10,154 

5,605 

12 

140-150 

18.5 

19-3 

65 

121 

132 

139 

5,135 

3,478 

350 

5,6ol+ 

235 

10,739 

6,028 

2,550 

Site 

index  80- 

-15  year  thinning  interval — (l>+l -S)^ 

spacing 

Start 

1 

30 

30-45 

5-4 

5-9 

635 

277 

102 

131 

1,270 

1,967 

1,270 

2,683 

9.0 

52 

122 

471 

716 

471 

2 

45-60 

9.0 

11.3 

205 

91 

143 

139 

2,9n 

1,210 

511 

122 

4,138 

1,332 

3 

60-75 

11-3 

13.O 

145 

101 

134 

139 

3,263 

1,653 

852 

354 

5,3^2 

2,129 

i* 

75-90 

13.0 

14.6 

114 

105 

133 

139 

3,648 

2,029 

698 

353 

6,425 

2,858 

5 

90-105 

14.6 

16.1 

92 

107 

130 

135 

3,864 

2,364 

704 

392 

7,3**5 

3,565 

6 

105-120 

16.1 

17-4 

78 

no 

129 

139 

4,134 

2,675 

588 

360 

8,203 

4,256 

7 

120-135 

17.4 

18.7 

68 

112 

130 

139 

4,454 

2,976 

530 

3^3 

9,053 

4,902 

8 

135-150 

18.7 

19-9 

59 

113 

127 

139 

4,661 

3,157 

590 

394 

9,850 

5,475 

5,189 

2,318 

Site 

index  80- 

—20  year  thinning  interval — (lH-2.2)^F 

spacing 

Start 

30 

5 -1* 

635 

102 

1,270 

1,270 

30-50 

5-9 

9-9 

250 

47 

134 

135 

2,325 

725 

770 

3,095 

725 

2 

50-70 

9-9 

12.6 

170 

91 

147 

139 

3,315 

1,598 

744 

232 

4,829 

1,830 

3 

70-90 

12.6 

14.8 

114 

99 

136 

139 

3,648 

2,029 

1,092 

526 

6,254 

2,787 

90-110 

14.8 

16.6 

86 

103 

129 

139 

3,930 

2,451 

896 

498 

7,432 

3,707 

5 

110-130 

16.6 

18.4 

70 

105 

129 

139 

4,270 

2,856 

731 

456 

8,503 

4,568 

6 

130-150 

18.4 

20.0 

59 

109 

129 

139 

4,66l 

3,157 

671 

_442_ 

9,565 

5,318 

4,9C*  2,  l6l 


TABLE  lU. — Calculated  grovth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  100  for  four  thinning  regimes  that  give 

y 


theoretical  optimum  production 


Site  index  100 — 5 year  thinning  interval — (d+0.5)2F 


Thinning 

interval 

Diameters 

Trees 
per  acre 

Basal  area — square 

feet  per  acre 

Residual 
per  1 

volume 

acre 

Volume 

per 

removed 

acre 

Volume — 
cumulative 

residual  plus 
removed  per  acr< 

No. 

Age 

Start 

End 

Thinned 

stand 

Un thinned 
dominant  stand 

Cu.  ft. 

Bd.  ft. 
x 10 

Cu.  ft. 

Bd.  ft. 
x 10 

Cu.  ft. 

Bd.  ft. 
x 10 

Start 

End 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(id 

(12) 

(13) 

(14) 

Years 

in. 

in. 

No. 

Start 

30 

7.9 



335 





116 

1,742 

1,742 

1 

30-35 

8.4 

10.1 

250 

96 

139 

133 

2,400 

775 

442 

2,842 

775 

2 

35-40 

10.1 

11.7 

228 

127 

170 

146 

3,260 

1,414 

211 

68 

3,913 

1,482 

3 

40-45 

11.7 

12.7 

186 

139 

164 

153 

3,590 

1,730 

601 

260 

4,844 

2,058 

4 

45-50 

12.7 

13.7 

164 

144 

168 

157 

4,018 

2,083 

425 

205 

5,697 

2,616 

5 

50-55 

13-7 

14.6 

144 

147 

167 

159 

4,464 

2,347 

490 

254 

6,633 

3,134 

6 

55-60 

14.6 

15.3 

127 

148 

162 

160 

4,572 

2,578 

527 

277 

7,268 

3,642 

7 

60-65 

15.3 

16.0 

116 

148 

162 

160 

4,872 

2,819 

396 

223 

7,964 

4,106 

8 

65-70 

16.0 

16.7 

107 

149 

163 

160 

5,115 

3,082 

378 

219 

8,585 

4,588 

9 

70-75 

16.7 

17.4 

98 

149 

162 

160 

5,272 

3,254 

430 

259 

9,172 

5,019 

10 

75-80 

17.4 

18.0 

91 

150 

161 

160 

5,369 

3,458 

377 

232 

9,646 

5,455 

11 

80-85 

18.0 

18.6 

85 

150 

160 

160 

5,551 

3,638 

354 

228 

10,182 

5,863 

12 

85-90 

18.6 

19.2 

80 

151 

161 

160 

5,760 

3,824 

327 

214 

10,718 

6,263 

13 

90-95 

19.2 

19-7 

75 

151 

159 

160 

5,850 

3,960 

360 

239 

11,168 

6,638 

lU 

95-100 

19-7 

20.2 

71 

150 

158 

160 

6,035 

4,118 

312 

211 

11,665 

7,007 

15 

100-105 

20.2 

20.7 

68 

151 

159 

160 

6,256 

4,318 

255 

174 

12,141 

7,381 

16 

105-110 

20.7 

21.2 

65 

152 

159 

160 

6,370 

4,485 

276 

191 

12,531 

7,739 

17 

110-115 

21.2 

21.6 

62 

152 

158 

160 

6,510 

4,619 

294 

207 

12,965 

8,080 

18 

115-120 

21.6 

22.1 

59 

150 

157 

160 

6,667 

4,720 

315 

224 

13,437 

8,405 

19 

120-125 

22.1 

22.5 

57 

152 

157 

160 

6,840 

4,902 

226 

160 

13,836 

8,747 

20 

125-130 

22.5 

22.9 

55 

152 

157 

160 

6,985 

5,033 

240 

172 

14,221 

9,050 

21 

130-135 

22.9 

23.4 

53 

152 

158 

160 

7,049 

5,141 

254 

183 

14,539 

9,341 

22 

135-140 

23.4 

23.8 

51 

152 

158 

160 

7,140 

5,202 

266 

194 

14,896 

9,596 

23 

140-145 

23.8 

24.2 

49 

151 

157 

160 

7,252 

5,292 

280 

204 

15,288 

9,890 

2U 

145-150 

24.2 

24.6 

48 

153 

158 

160 

7,440 

5,424 

148 

108 

15,624 

10,130 

8,184 

4,706 

Site 

index  100 — 

10  year  thinning  interval- 

-(I*1.1)2F 

spacing 

Start 

30 

7-9 



335 





116 

1,742 

... 

... 

1,742 

1 

30-40 

8.4 

11.7 

219 

84 

164 

146 

3,132 

1,358 

603 



3,735 

1,358 

2 

40-50 

11.7 

13.9 

169 

126 

178 

157 

4,141 

2,146 

715 

310 

5,459 

2,456 

3 

50-60 

13.9 

15.7 

129 

136 

173 

160 

4,644 

2,619 

980 

508 

6,942 

3,437 

4 

60-70 

15.7 

17.1 

103 

138 

164 

160 

4,923 

2,966 

936 

528 

8,157 

4,312 

5 

70-80 

17-1 

18.3 

88 

140 

161 

160 

5,192 

3,344 

717 

432 

9,143 

5,122 

6 

80-90 

18.3 

19.4 

77 

1U1 

158 

160 

5,544 

3,681 

649 

418 

10,144 

5,877 

7 

90-100 

19.4 

20.5 

69 

142 

158 

160 

5,865 

4,002 

576 

382 

11,041 

6,580 

8 

100-110 

20.5 

21.5 

62 

142 

156 

160 

6,076 

4,278 

595 

406 

11,847 

7,262 

9 

110-120 

21.5 

22.4 

57 

144 

156 

160 

6,441 

4,560 

490 

345 

12,702 

7,889 

10 

120-130 

22.4 

23-3 

53 

145 

157 

160 

6,731 

4,850 

452 

320 

13,444 

8,499 

11 

130-140 

23.3 

24.2 

49 

145 

157 

160 

6,860 

4,998 

508 

366 

14, 081 

9,013 

12 

140-150 

24.2 

25.0 

45 

144 

153 

160 

6,975 

5,085 

560 

4o8 

14,756 

9,508 

7,781 

4,423 

Site 

index  100- 

-15  year  thinning  interval- 

— (Dtl.8)2F 

spacing 

Start 

30 

7.9 

--- 

335 

... 

— 

116 

1,742 



1,742 

1 

30-45 

8.4 

12.6 

190 

73 

165 

153 

3,667 

1,767 

754 



4,421 

1,767 

2 

45-60 

12.6 

15.4 

138 

119 

179 

160 

4,968 

2,801 

1,004 

484 

6,726 

3,285 

3 

60-75 

15.4 

17.5 

98 

127 

164 

160 

5,272 

3,254 

l,44o 

812 

8,470 

4,550 

4 

75-90 

17.5 

19.2 

78 

130 

157 

160 

5,616 

3,728 

1,076 

664 

9,890 

5,688 

5 

90-105 

19.2 

20.8 

66 

133 

156 

160 

6,072 

4,191 

864 

574 

11,210 

6,725 

6 

105-120 

20.8 

22.2 

57 

135 

153 

160 

6,441 

4,560 

828 

572 

12,407 

7,666 

7 

120-135 

22.2 

23-5 

50 

134 

151 

160 

6,650 

4,850 

791 

560 

13,407 

8,516 

8 

135-150 

23-5 

24.7 

45 

136 

150 

160 

6,975 

5,085 

665 

485 

14,397 

9,236 

7,422 

47151 

Site 

index  100- 

-20  year  thinning  interval- 

--(0+2.2)^  spacing 

Start 

30 

7-9 

--- 

335 

--- 

--- 

116 

1,742 

... 

1,742 

1 

30-50 

8.4 

13-7 

176 

68 

180 

157 

4,312 

2,235 

827 

--- 

5,139 

2,235 

2 

50-70 

13.7 

16.7 

115 

118 

175 

160 

5,497 

3,312 

1,495 

775 

7,819 

4,087 

3 

70-90 

16.7 

19.1 

81 

123 

161 

160 

5,832 

3,872 

1,625 

979 

9,779 

5,626 

4 

90-110 

19-1 

21.2 

64 

127 

157 

160 

6,272 

4,416 

1,224 

813 

11,443 

6,983 

5 

110-130 

21.2 

23-1 

53 

130 

154 

160 

6,731 

4,850 

1,078 

759 

12,980 

8,176 

6 

130-150 

23.1 

24.9 

45 

131 

152 

160 

6,975 

5,085 

1,016 

732 

14,240 

9,143 

7,265" 

4,058 

See  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  l1! 


2 . 


TABLE  15 • --Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  120  for  four  thinning  regimes 

u 

that  give  theoretical  optimum  production 


Site  index  120 — S-year  thinning  interval — ( rn-O.S  )‘V  spacing 


Thinning 

interval 

TUameters 

Trees 
>er  acre 

Basal  area — square 

feet  per  acre 

Pea ‘dual 
per 

volume 

acre 

Volume 

per 

removed 

acre 

Volume- 

cumulative 

-residual  plus 
removed  per  acre 

No. 

Age 

Start 

End 

Thinned 

Start 

8tan<’  Un  thinned 

End  dominant  stand 

Cu.  ft. 

Bd.  ft. 
x 10 

Cu.  ft. 

Bd.  ft. 
x 10 

Cu.  ft. 

Bd.  ft. 

x 10 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

do) 

(U) 

(12^ 

(13) 

(1*) 

Years 

in. 

in. 

No. 

Start 

30 

10.2 



230 





133 

2,576 

9?0 

--- 

— 

2,576 

920 

1 

30-35 

10.7 

12.8 

195 

122 

174 

150 

4,056 

1,989 

392 

140 

4,448 

2,129 

2 

35-40 

12.8 

14.5 

159 

142 

182 

1.62 

4,611 

2, 544 

740 

367 

5,752 

8,051 

3 

40-1*5 

14.5 

15.8 

135 

155 

184 

169 

5,063 

2, 97° 

696 

*84 

6,000 

2,861 

k 

1*5-50 

15.8 

16.8 

119 

162 

18* 

174 

5,474 

3,3*? 

600 

352 

7,9H 

4,575 

5 

50-55 

16.8 

17.8 

108 

166 

187 

176 

5,940 

2,726 

506 

208 

8,883 

5,277 

6 

55-60 

17.8 

18.7 

96 

166 

183 

377 

6, 144 

3,984 

660 

414 

9,71*7 

5,940 

7 

60-65 

18.7 

19-5 

87 

166 

180 

178 

6,351 

4,176 

576 

77h 

10, 53^1 

6,51s 

8 

65-70 

19.5 

20.2 

81 

168 

180 

178 

6,602 

4,4o6 

438 

?88 

11,219 

7,123 

9 

70-75 

°b.2 

20.8 

75 

167 

177 

178 

6,759 

4,688 

489 

333 

11,856 

7,648 

10 

75-80 

20.8 

21.5 

71 

168 

179 

178 

7,029 

4,970 

260 

250 

12,495 

8,180 

11 

80-85 

21-5 

22.1 

67 

169 

178 

178 

2,236 

5,159 

396 

280 

13,098 

8,649 

12 

85-90 

22.1 

22.7 

63 

168 

177 

178 

7,434 

5,  *24 

432 

308 

13,728 

0, 122 

13 

90-95 

22.7 

23.2 

60 

169 

176 

178 

7,680 

5,520 

354 

254 

14,328 

0,570 

14 

95-100 

23.2 

23.8 

57 

167 

176 

178 

7,866 

5,700 

384 

276 

14,898 

1o,o?8 

15 

100-105 

2*.8 

24.2 

55 

170 

176 

178 

8,085 

5,  940 

076 

200 

15,393 

10, 468 

16 

105-110 

24.2 

24.7 

53 

169 

176 

178 

8,  *2i 

6,201 

OQlx 

216 

15,923 

10,945 

17 

110-115 

24.7 

25.2 

51 

170 

177 

178 

8,415 

6,324 

314 

234 

16,331 

11,302 

18 

115-1^0 

25.2 

25.7 

49 

170 

177 

178 

8,575 

6,468 

3*0 

248 

16,821 

11,6q4 

19 

120-125 

25.7 

26.1 

47 

169 

175 

178 

8,695 

6,500 

350 

264 

17,291 

12,070 

20 

125-130 

26.1 

26.6 

46 

171 

178 

178 

8,970 

6,806 

185 

3 40 

17,751 

12,438 

21 

130-135 

26.6 

27.0 

44 

170 

175 

178 

9,02° 

6,820 

TOO 

296 

18, 191 

12,746 

22 

1*5-140 

27.0 

27.5 

43 

171 

177 

178 

9,159 

7,052 

213 

164 

18,542 

13,142 

23 

140-145 

27.5 

27.9 

41 

169 

174 

178 

9,143 

7,011 

426 

328 

18,053 

13,4?9 

24 

145-150 

27.9 

28.* 

40 

170 

175 

178 

9, 320 

7,200 

007 

171 

19,353 

1 3, 78? 

10,033 

6,589 

Site 

Index  120 

--10-yeer  thinning  interval- 

-(TVl  .1)2f 

spacing 

Start 

30 

10.2 

230 





133 

2,576 

92° 



--- 

2,  576 

9?0 

1 

30-40 

10.7 

14.5 

176 

110 

202 

162 

5,104 

2,816 

605 

216 

6,502 

3,032 

2 

40-50 

14.5 

17.0 

125 

143 

197 

174 

8,750 

3,500 

1,479 

8l6 

7,834 

4,  53? 

7 

50-6O 

17.0 

18.8 

QQ 

156 

191 

177 

6,336 

4, 10O 

1,196 

728 

9,616 

5,869 

4 

60-70 

18.8 

20.3 

81 

156 

182 

178 

6,602 

4,4Q6 

1, 152 

747 

11,034 

7,003 

5 

70-80 

20.3 

21.6 

70 

157 

178 

178 

6,9*0 

4,900 

807 

611 

12,259 

8,01.0 

6 

80-00 

21.6 

22.8 

63 

160 

179 

178 

7,43L 

8,  *24 

093 

1*90 

12,456 

8, 932 

7 

00-100 

22.8 

23.9 

56 

159 

174 

178 

7,728 

5,6oo 

826 

59 0 

14,5*6 

9,800 

8 

100-110 

07. 0 

24.0 

52 

16? 

176 

178 

8, 1&* 

6,084 

552 

knn 

is,  564 

10,684 

9 

110-120 

24.9 

25.9 

48 

1.6° 

176 

1.78 

8,1*00 

6, 330 

628 

468 

i6; 400 

1 1 , link 

10 

120-130 

25.9 

26.9 

44 

161 

174 

17A 

8,58^ 

6,  51 0 

700 

528 

.17,  *08 

17. 103 

11 

1*0-140 

26.9 

27.8 

4] 

162 

173 

178 

8,733 

6,774 

58s 

kkk 

1 8, o46 

17,  764 

12 

140-150 

27.8 

28.6 

39 

164 

174 

178 

9,087 

7 npo 

4?6 

328 

18,826 

13,388 

9>739 

6, 368 

Site 

index  120 

--15-year  thinn-' 

ng  interval- 

-(tii  ,Q)^v 

ppacinp’ 

Start 

70 

10. 2 

270 





133 

7,576 

QOO 

2,  576 

opn 

1 

*0-4S 

in.7 

15.  5 

1S7 

08 

206 

160 

5,888 

3> Lq4 

838 

ogo 

6,706 

3,746 

o 

45-60 

15.  5 

18.5 

105 

138 

106 

177 

6,720 

4,  *58 

i 050 

1,144 

o,  k08 

*5, 79k 

3 

60-75 

18.5 

20.6 

78 

146 

181 

178 

7 O OO 

4,  87S 

1,7*8 

1,171 

1 1,516 

7 U70 

4 

7S-QO 

20.6 

22.4 

64 

148 

175 

170 

7,857 

8,408 

1,760 

87  S 

13.  3^8 

8,  8lio 

5 

90-105 

00.  u. 

24.0 

55 

1ST 

173 

170 

8,085 

S,  Qkn 

1.062 

761 

1 U , 007 

in  i 37 

6 

TOS-l^n 

24.0 

25. s 

40 

151 

1*70 

178 

A,knn 

6 ’*6 

1 f OOQ 

7S6 

16,747 

1.1,28s 

7 

ipo-i 

26.7 

47 

153 

170 

17A 

8,815 

6.665 

87  S 

6or' 

17, S37 

1 O 071). 

8 

17S-1SO 

26.0 

*8.2 

79 

1 54 

169 

178 

0,087 

•7  O'VI 

Pop 

6*o 

i O 0oo 

T 7 0)1  n 

0 quo 

^-*0 

Site 

indent  i 'c<\ 

— 2T  -vc~ c 

et.nr+. 

70 

10.0 

070 

... 



10, 

0 . 5^6 

opn 

?,  S76 

opc 

1 

30-SO 

10.7 

16.5 

147 

op 

oi  A 

160 

6,767 

4 116 

00c 

77^ 

7,  ^00 

li  Lkft 

o 

Vi -70 

16.  5 

10.7 

00 

1 77 

I05 

■•Oft 

7,4o8 

5,10 6 

of  S^O 

1 , 5k  O 

l'',  ocp 

6,07° 

7 

70-QD 

10.7 

00. 0 

67 

142 

1 An 

178 

7.006 

5, 66'"’ 

0 07  A 

1 OAA 

io , hnh 

A QOO 

4 

00-110 

po.o 

o4.4 

54 

145 

175 

178 

8, 478 

6,218 

i , q^k 

l ,noo 

1 s.  sin 

1^1,677 

s 

lin.l^O 

ok.k 

26.4 

46 

149 

175 

178 

A,  070 

6,808 

1 , °5o 

936 

17  2SP 

6 

1 70-i  sr» 

26.4 

28.2 

70 

1.48 

l6o 

178 

9,087 

7 OOO 

1,268 

io*6 

1 A,  7kP 

0, 6C3 

6,  331 

17  ~ 
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TABLE  16.— Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  lUO  for  four  thinning  regimes 

u 

that  give  theoretical  optimum  production 


Site  Index  ll<0--5-year  thinning  interval — spacing 


Thinning 

interval 

Diameters 

Trees 
per  acre 

Basal 

area- -square 

feet  per  acre 

Residual  volume 
per  acre 

Volume 

per 

removed 

acre 

Volume- - 
cumulative 

residual  plus 
removed  per  t 

No. 

Age 

Start 

End 

Thinned  stand 
Start  End 

Un thinned 
dominant  stand 

Cu.  ft. 

Bd.  ft, 
x 10 

. Cu.  ft, 

. Bd.  ft. 

x 10 

Cu.  ft. 

Bd.  ft. 
x 10 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Years 

in. 

in. 

No. 

Start 

30 

12.1 

— 

177 

--- 



148 

3,629 

1,805 





3,629 

1,805 

1 

30-35 

12.6 

14.9 

163 

141 

197 

165 

5,542 

3,260 

287 

143 

5,829 

3,403 

2 

35-40 

14.9 

16.8 

134 

162 

206 

179 

6,432 

3,953 

986 

580 

7,705 

4,676 

3 

AO-45 

16.8 

18.2 

115 

177 

208 

190 

7,015 

4,485 

912 

561 

9,200 

5,769 

4 

45-50 

18.2 

19.4 

101 

182 

207 

197 

7,474 

4,949 

854 

546 

10, 513 

6,779 

5 

50-55 

19.4 

20.4 

92 

189 

209 

202 

8,004 

5,428 

666 

441 

11,709 

7,699 

6 

55-60 

20.4 

21.3 

83 

188 

205 

204 

8,217 

5,644 

783 

531 

12,705 

8,446 

V 

60-65 

21-3 

22.2 

76 

188 

204 

205 

8,512 

5,890 

693 

476 

13,693 

9,168 

8 

65-70 

22.2 

23.0 

70 

188 

202 

205 

8,680 

6,090 

672 

465 

14,533 

9,833 

9 

70-75 

23-0 

23.7 

66 

190 

202 

205 

8,844 

6,369 

496 

348 

15,193 

10,460 

10 

75-90 

23-7 

24.3 

62 

190 

200 

205 

9,114 

6,634 

536 

386 

15,999 

11,111 

11 

80-85 

24.3 

24.9 

59 

190 

200 

205 

9,322 

6,962 

441 

321 

16,648 

11,760 

12 

85-90 

24.9 

25-5 

56 

189 

199 

205 

9,520 

7,H2 

474 

354 

17,320 

12,264 

13 

90-95 

25.5 

26.1 

54 

192 

201 

205 

9,882 

7,452 

340 

254 

18,022 

12,858 

14 

95-100 

26.1 

26.7 

51 

189 

198 

205 

9,843 

7,497 

549 

414 

18, 532 

13,317 

1? 

100-105 

26.7 

27.2 

49 

191 

198 

205 

10,045 

7,693 

386 

294 

19,120 

13,807 

16 

105-110 

27.2 

27.7 

47 

190 

197 

205 

10,105 

7,896 

410 

314 

19,590 

14,324 

17 

110-115 

27.7 

28.2 

46 

193 

200 

205 

10,488 

8,188 

215 

168 

20,188 

14,784 

18 

115-120 

28.2 

28.6 

44 

191 

196 

205 

10,560 

8,184 

456 

356 

20,716 

15,136 

19 

120-125 

28.6 

29-1 

43 

192 

199 

205 

10,750 

8,299 

240 

186 

21,146 

15,437 

20 

125-130 

29.1 

29.6 

41 

189 

196 

205 

10,660 

8,323 

500 

386 

21,556 

15,847 

21 

130-135 

29.6 

30.0 

40 

191 

19o 

205 

10,880 

8,520 

260 

203 

22,036 

16,247 

22 

135-140 

30.0 

30.5 

39 

191 

198 

205 

10,998 

8,619 

272 

213 

22,426 

16,559 

23 

140-145 

30.5 

30.9 

38 

193 

198 

205 

11,096 

8,702 

282 

221 

22,806 

16,863 

24 

145-150 

30.9 

31-4 

37 

193 

199 

205 

11,174 

8,769 

292 

229 

23,176 

17,159 

12,002 

8,390 

Site 

index  140- 

-10 

-year  thinning 

interval-l 

;d+i.i)2f 

spacing 

Start 

30 

12.1 

— 

177 

— 

--- 

148 

3,629 

1,805 





3,629 

1,805 

J- 

30-40 

12.0 

Is. 8 

149 

129 

229 

179 

7,152 

4,396 

574 

286 

7,726 

4,682 

2 

40-50 

16.8 

19.6 

107 

165 

224 

204 

7,918 

5,243 

2,016 

1,239 

10,508 

6,768 

3 

50-60 

19.0 

21.4 

85 

178 

212 

205 

8,415 

5,780 

1,628 

1,078 

12,633 

8,383 

4 

60-70 

21.4 

23.1 

72 

180 

210 

205 

8,928 

6,264 

1,287 

834 

14,433 

9,751 

5 

70-80 

23.1 

24.4 

62 

180 

201 

205 

9,114 

6,634 

1,240 

&70 

15,859 

10,991 

6 

80-90 

24.4 

25-7 

56 

182 

202 

205 

9,520 

7,112 

882 

642 

17,147 

12,111 

i 

8 

90-100 

25.7 

26.8 

51 

184 

200 

205 

9,843 

7,497 

850 

635 

18,320 

13,131 

100-110 

20.8 

27-9 

47 

184 

200 

205 

10,105 

7,896 

772 

5 88 

19,354 

14,118 

9 

110-120 

27.9 

28.9 

43 

183 

196 

205 

10,320 

7,998 

860 

672 

20,429 

14,892 

10 

120-130 

28.9 

29.8 

40 

182 

194 

205 

10,400 

8,120 

720 

558 

21,229 

15,572 

11 

130-140 

29.8 

30.8 

38 

184 

197 

205 

10,716 

8,398 

520 

406 

22,065 

16,256 

12 

140-150 

30.8 

31.6 

36 

186 

196 

205 

10,872 

8,532 

564 

442 

22,785 

16,832 

11,913 

8,300 

Site 

index  140- 

-15- 

-year  thinning 

interval-( 

Del.8)2F 

spacing 

Start 

30 

12.1 



177 





148 

3,629 

1,805 





3,629 

1,805 

1 

30-45 

12.0 

17-9 

135 

117 

236 

190 

8,235 

5,265 

861 

428 

9,096 

5,693 

2 

45-60 

17.9 

21.0 

91 

159 

219 

204 

9,009 

6,188 

2,684 

1,716 

12,554 

8,332 

3 

60-75 

21.0 

23.3 

70 

168 

207 

205 

9,380 

6,755 

2,079 

1,428 

15,004 

10,327 

4 

75-90 

23-3 

25.1 

58 

172 

199 

205 

9,860 

7,366 

1,608 

1,158 

17,092 

12,096 

5 

90-105 

25-1 

26.8 

50 

172 

196 

205 

10,250 

7,850 

1,360 

1,016 

18,842 

13,596 

6 

105-120 

26.8 

28.3 

44 

172 

192 

205 

10,560 

8,184 

1,230 

942 

20,382 

14,872 

7 

120-135 

28.3 

29.8 

40 

175 

194 

205 

10,880 

8,520 

960 

744 

21,662 

15,952 

8 

135-150 

29.8 

31.2 

36 

174 

191 

205 

10,872 

8,532 

1,088 

852 

22,742 

16,816 

11,870 

8,284 

Site 

index  140-' 

-20- 

■year  thinning 

interval -( 

D+2.2)2F  , 

spacing 

Start 

30 

12.1 



177 





143 

3,629 

1,805 





3,629 

1,805 

1 

30-50 

12.6 

18.8 

127 

110 

245 

197 

9,398 

6,223 

1,025 

510 

10,423 

6,773 

2 

50-70 

18.8 

22.3 

82 

158 

222 

205 

10,168 

7,134 

3,330 

2,205 

14,523 

9,849 

3 

70-90 

22.3 

24.8 

61 

165 

205 

205 

10, 370 

7,747 

2,604 

1,827 

17,329 

12,289 

4 

90-110 

24.8 

27.1 

50 

I08 

200 

205 

10,750 

8,400 

1,&70 

1,397 

19,579 

14,339 

5 

110-130 

27. 1 

29.1 

42 

168 

194 

205 

10,920 

8,526 

1,720 

1,344 

21,469 

15,809 

6 

130-150 

29.1 

30.9 

37 

171 

193 

205 

11,174 

8,769 

1,300 

1,015 

23,023 

17,067 

11,849 

872^ 

See  appendix  for  source  or  deviation  and  explanation  of  columns  1 through  14. 
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EXPLANATION  OF  TABLES  17,  18,  19,  20,  and  21 
(unpublished  except  for  Table  18) 

These  are  some  of  the  complete  sets  of  calculated  growth 

and  yield  information  for  site  classes  60,  80,  100,  120,  and 

2 

140  using  the  (D-i-6)  spacing  formula  and  different  thinning 
interval  lengths.  Table  18  for  site  index  80  was  published 
as  an  example  in  Forest  Science  9g  (1)  33-43,  March,  1963. 

An  explanation  of  the  computations  by  column  number  is  included 
with  explanation  for  tables  12,  13,  14,  15,  and  16  on  the 
preceding  section. 
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TABLE  17» --Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  sit#1  index  60  for  three  thinning  regimes 

1/ 

using  the  (P+6)-  spacing  formula 


Site  index  60 — 5 year  thinning  interval — (m-6)^  spacing 


Thinning 

interval. 

Diameters 

Trees 

Be. sal  area — sov 

iare  fee*  per  acre 

Residual 

per 

volume 

acre 

Vol'une 

per 

removed 

acre 

Volume --residual  plus 
cumulative  removed  per  acre 

No. 

k£e 

->tart 

End 

per  acre 

Thinned 

stand 

Un thinned 

Cu.  ft. 

Bd.  ft. 

Ou.  ft. 

. Bd.  ft. 

Cu.  ft. 

Bd.  ft. 

Start 

End 

dominant  stand 

x 10 

x 10 

x 10 

(1) 

(2) 

(3) 

t1*) 

(5) 

(6) 

(7) 

(8) 

(9) 

do) 

(id 

(12) 

(13) 

w 

Years  in.  in.  No. 


Start 

30 

3-5 



1,100 

— 

— 

93 

1 

30-35 

4.0 

4.6 

436 

38 

50 

104 

2 

35-40 

4.6 

5-2 

389 

45 

57 

109 

3 

40-45 

5-2 

5-7 

348 

51 

62 

112 

4 

45-50 

5-7 

6.2 

318 

56 

67 

115 

5 

50-55 

6.2 

6.7 

292 

61 

71 

116 

6 

55-60 

6.7 

7-1 

271 

66 

74 

117 

7 

6O-65 

7.1 

7-5 

253 

70 

78 

116 

8 

65-70 

7-5 

7-9 

239 

73 

61 

116 

9 

70-75 

7-9 

8.3 

226 

77 

65 

118 

10 

75-60 

8.3 

8.7 

214 

80 

88 

118 

11 

60-85 

8.7 

9-1 

202 

63 

91 

ne 

12 

85-90 

9-1 

9-5 

191 

86 

94 

116 

13 

90-95 

9-5 

9-9 

182 

90 

97 

118 

14 

95-100 

9-9 

10.3 

172 

92 

100 

118 

15 

100-105 

10.3 

10.7 

164 

95 

102 

118 

16 

105-110 

10.7 

11.0 

156 

97 

103 

lie 

17 

110-115 

11.0 

11.3 

151 

100 

105 

118 

16 

115-120 

11.3 

11.6 

146 

102 

107 

118 

19 

120-125 

11.6 

11.9 

141 

103 

109 

118 

20 

125-130 

11.9 

12.2 

136 

105 

110 

lib 

21 

130-135 

12.2 

12.5 

132 

107 

112 

118 

22 

135-140 

12-5 

12.8 

127 

106 

113 

lie 

23 

140-145 

12.6 

13.1 

123 

110 

115 

118 

24 

145-150 

13-1 

13.4 

119 

111 

117 

118 

25 

150-155 

13.4 

13-7 

116 

114 

119 

118 

26 

155-160 

13-7 

14.0 

112 

115 

120 

118 

27 

160-165 

14.0 

14-3 

109 

117 

122 

118 

28 

165-170 

14-3 

14.6 

106 

lib 

123 

118 

523 

523 

66l 

56 

717 

766 

70 

892 

890 

66 

1,082 

1,022 

73 

1,287 

1,138 

74 

1,477 

1,240 

76 

1,655 

1,362 

69 

1,846 

1,492 

271 

74 

2,050 

271 

1,626 

364 

79 

14 

2,263 

378 

1,757 

465 

91 

20 

2,485 

499 

1,672 

573 

96 

25 

2,696 

632 

2,002 

692 

68 

27 

2,914 

778 

2,116 

791 

no 

36 

3,138 

915 

2,247 

918 

98 

37 

3,367 

1,079 

2,309 

1,030 

no 

45 

3,539 

1,236 

2,446 

1,148 

74 

33 

3,750 

1,387 

2,555 

1,256 

81 

38 

3,940 

1,533 

2,679 

1,368 

68 

43 

4,152 

1,688 

2,774 

1,469 

95 

49 

4,342 

1,838 

2,891 

1,584 

82 

43 

4,541 

1,996 

2,959 

1,651 

no 

60 

4,719 

2,123 

3,038 

1,759 

93 

52 

4,891 

2,283 

3,142 

1,821 

99 

57 

5,094 

2,402 

3,236 

1,902 

79 

46 

5,267 

2,529 

3,326 

1,960 

112 

66 

5,469 

2,653 

3,444 

2,027 

89 

53 

5,676 

2,773 

3,540 

2,141 

95 

p6 

5,867 

2,943 

2,327 

%02~ 

Site 


index  60 — 15  year  thinning  interval — (l>+-6) 


2 


spacing 


Start 

30 

3.5 

--- 

1,100 

--- 

--- 

93 

1 

30-45 

4.0 

5-7 

436 

30 

77 

n2 

959 

959 

2 

45-60 

5-7 

7-1 

316 

56 

87 

117 

1,336 

260 

1,596 

3 

60-75 

7-1 

8.3 

253 

70 

95 

na 

1,670 

304 

273 

2,203 

304 

4 

75-90 

6.3 

9-5 

214 

80 

105 

n6 

2,097 

642 

257 

47 

2,867 

689 

5 

90-105 

9-5 

10.6 

162 

90 

n2 

118 

2,457 

1,001 

314 

96 

3,561 

1,144 

6 

105-120 

10.6 

11.5 

158 

97 

n4 

n6 

2,765 

1,296 

324 

132 

4,193 

1,571 

7 

120-135 

11.5 

12.4 

142 

102 

119 

us 

3,096 

1,676 

280 

131 

4,804 

2,082 

8 

135-150 

12.4 

13-3 

128 

107 

123 

116 

3,354 

1,920 

305 

165 

5,367 

2,491 

9 

150-165 

13-3 

14.2 

117 

113 

129 

118 

3,650 

2,165 

288 

165 

5,951 

2,901 

2,301 

736 

Site 

index  60 — 20 

years 

thinning  interval- 

-(D+6)2 

spacing 

Start 

30 

3-5 



1,100 





93 

1 

30-50 

4.0 

6.2 

436 

38 

91 

115 

1,221 

1,221 

2 

50-70 

6.2 

7-9 

292 

61 

99 

118 

1,664 

403 

2,067 

3 

70-90 

7-9 

9-5 

226 

77 

in 

118 

2,215 

676 

37b 

2,994 

676 

4 

90- no 

9-5 

10.9 

162 

90 

ns 

118 

2,657 

1,165 

431 

132 

3,867 

1,297 

5 

110-130 

10.9 

12.1 

152 

96 

121 

116 

3,040 

1,596 

438 

192 

4,686 

1,920 

6 

130-150 

12.1 

13-3 

133 

106 

126 

118 

3,465 

1,995 

380 

200 

5,513 

2,519 

7 

150-170 

13-3 

14-5 

117 

113 

134 

118 

3,861 

2,317 

419 

240 

6,308 

3,061 

2,447 

764 

See  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  14. 
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TABUS  : — Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  80  for  three  thinning  regimes 

using  the  (P+6)^  spacing  formula 


Site  index  80 — 5 year  thinning  interval — (T>+6)^ 


spacing 


Thinning 

interval 

Diameters 

Trees 
per  acre 

Basal  area — square 

feet  per  acre 

Residual 
per  < 

volume 

acre 

Volume 

per 

removed 

acre 

Volume- - 
cumulative 

residual  plus 
removed  per  t 

No. 

Age 

Start 

End 

Thinned  stand 

Unthinned 
dominant  stand 

Cu  ft. 

Bd.  ft.  Cu.  ft. 

in  tens 

. Bd.  ft. 
in  tens 

Cu.  ft. 

Bd.  ft. 

in  tens 

Start 

End 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(n) 

(12) 

(13) 

(14) 

Years 

in. 

in. 

No. 

Start 

30 

5.** 



635 





102 

1,270 

1,270 

1 

30-35 

5-9 

7.1 

307 

58 

84 

115 

1,105 

656 

1,761 

2 

35-40 

7-1 

6.2 

253 

70 

93 

124 

1,341 

278 

194 

2,191 

278 

3 

40-45 

6.2 

9-1 

216 

79 

98 

131 

1,555 

410 

196 

41 

2,601 

451 

4 

45-50 

9-1 

9-9 

191 

86 

102 

135 

1,776 

592 

lbO 

48 

3,002 

681 

5 

50-55 

9-9 

10.6 

172 

92 

105 

137 

2,030 

774 

177 

60 

3,433 

923 

6 

55-60 

10.6 

11.3 

158 

97 

110 

139 

2,259 

980 

165 

63 

3,827 

1,192 

7 

60-65 

11.3 

11.9 

146 

102 

113 

139 

2,482 

1,183 

172 

74 

4,222 

1,469 

6 

65-70 

U.9 

12.5 

136 

105 

116 

139 

2,720 

1,387 

170 

81 

4,630 

1,754 

9 

70-75 

12.5 

13.1 

127 

108 

119 

139 

2,908 

1,588 

ISO 

92 

4,998 

2,047 

10 

75-80 

13-1 

13.6 

119 

111 

120 

139 

3,094 

1,773 

183 

100 

5,367 

2,332 

11 

80-85 

13.6 

14.1 

113 

114 

123 

139 

3,322 

1,955 

156 

69 

5,751 

2,603 

12 

85-90 

14.1 

14.6 

108 

117 

126 

139 

3,510 

2,106 

147 

87 

6,086 

2,841 

13 

90-95 

14.6 

15.1 

103 

120 

128 

139 

3,739 

2,266 

163 

98 

6,478 

3,099 

14 

95-100 

15.1 

15.6 

98 

122 

130 

139 

3,900 

2,421 

. 182 

no 

6,821 

3,364 

15 

100-105 

15.6 

16.1 

93 

123 

131 

139 

4,055 

2,548 

199 

124 

7,175 

3,615 

16 

105-110 

16.1 

16.5 

89 

126 

132 

139 

4,192 

2,634 

174 

no 

7,486 

3,811 

17 

110-115 

16.5 

16.9 

86 

128 

134 

139 

4,343 

2,795 

141 

89 

7,778 

4,061 

3,435 

1,266 

Site 

index  60 — 

■10  year  thinning 

interval- 

-(D+6)2 

spacing 

Start 

30 

5.4 



635 





102 

1,270 

1,270 

1 

30-40 

5-9 

8.1 

307 

58 

no 

124 

1,596 

338 

656 

2,252 

338 

2 

40-50 

8.1 

9.8 

219 

78 

115 

139 

2,015 

635 

458 

97 

3,129 

732 

3 

50-60 

9-8 

11.2 

174 

91 

119 

139 

2,453 

1,044 

414 

131 

3,981 

1,272 

4 

60-70 

11.2 

12.4 

147 

101 

123 

139 

2,867 

1,441 

381 

162 

4,776 

1,831 

5 

70-80 

12.4 

13-5 

128 

107 

127 

139 

3,277 

1,882 

371 

186 

5,557 

2,458 

6 

80-90 

13-5 

14.5 

115 

114 

132 

139 

3,692 

2,070 

333 

191 

6,305 

2,837 

7 

90-100 

14.5 

15.4 

104 

119 

135 

139 

4,025 

2,496 

353 

198 

6,991 

3,461 

8 

100-110 

15.4 

16.2 

95 

123 

136 

139 

4,304 

2,708 

348 

216 

7,618 

3,889 

3,314 

171S1 

Site 

index  80-- 

■12  year  thinning 

interval- 

-(D+6)2 

spacing 

Start 

30 

5-4 



635 





102 

1,270 

1,270 

1 

30-42 

5-9 

8.4 

307 

58 

118 

127 

1,811 

368 

656 

2,467 

366 

2 

42-54 

6.4 

10.4 

210 

81 

124 

137 

2,352 

819 

572 

116 

3.580 

935 

3 

54-66 

10.4 

11.9 

162 

96 

125 

139 

2,803 

1,345 

538 

187 

4,569 

1,648 

4 

66-78 

u.9 

13-2 

136 

105 

129 

139 

3,264 

1,809 

450 

216 

5,480 

2,326 

5 

78-90 

13.2 

14.4 

ns 

U 2 

133 

139 

3,729 

2,089 

432 

239 

6,377 

2,847 

6 

90-102 

14.4 

15-5 

105 

119 

138 

139 

4,169 

2,625 

411 

230 

7,228 

3,613 

7 

102-114 

15-5 

16.5 

94 

123 

140 

139 

4,512 

2,867 

437 

275 

8,008 

4,130 

3,496 

1,263 

TABLE  19. --Cal culated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  sit°  index  1 m for  two  thinning  regimes 

* . - - v 


using  the  (D+6)  spacing  formula. 

Site  indox  100--5  year  thinning  interval- -( Id-6 spacing 


Thinning 

interval 

Diameters 

Trees 
p*»r  acre 

Basal  area — square 

feet  per  acre 

^SidugJ  vc'Iup0 
P*»r  acr^ 

per 

removed 

acre 

Volume--: 

cumulative 

residual  plus 
removed  per  ncre 

No. 

Age 

start 

End 

Thinned 

stand 

Unthi  nn.ed 
dominant  stsnd 

Cu.  ft. 

Bd.  ft. 

x 10 

Cu.  ft. 

. Bd.  ft. 
x 3 0 

rv.  ft. 

Bd.  ft. 

x 1 0 

Start 

End 

( i ) 

(3) 

(3) 

(h) 

(5) 

(6) 

(7) 

(8) 

(8) 

( 10) 

(U) 

(1?) 

( 13) 

04) 

Years 

in. 

in. 

No. 

Start 

30 

7.9 



335 

— 

--- 

116 

1,742 

— 

1,742 

1 

30-35 

8.4 

10.2 

210 

81 

119 

133 

2,142 

693 

650 

— 

2,792 

693 

2 

35-40 

10.2 

11.7 

166 

94 

124 

146 

2,523 

1,013 

449 

145 

3,622 

1,158 

3 

40-45 

11.7 

12.9 

139 

104 

126 

153 

2,780 

1,348 

410 

165 

4,289 

1,658 

i* 

45-50 

12.9 

13.9 

122 

in 

129 

157 

3,111 

1,671 

340 

165 

4,960 

2,146 

5 

50-55 

13.9 

14.8 

no 

n6 

131 

159 

3,366 

1,947 

306 

164 

5,521 

2,586 

6 

55-60 

14.8 

15.6 

101 

121 

134 

160 

3,687 

2,192 

275 

159 

6,117 

2,990 

7 

60-65 

15.6 

16.3 

93 

123 

135 

160 

3,860 

2,372 

292 

174 

6,582 

3,344 

8 

65-70 

16.3 

17.0 

88 

128 

139 

160 

4, 180 

2,622 

208 

128 

7,110 

3,722 

9 

70-75 

17.0 

17.6 

82 

129 

139 

160 

4,428 

2,788 

285 

179 

7,643 

4,067 

10 

75-80 

17.6 

18.2 

78 

132 

141 

160 

4,657 

2,886 

216 

136 

8,088 

4,301 

11 

80-85 

18.2 

18.8 

74 

134 

143 

160 

4,847 

3,219 

239 

148 

8,517 

4,782 

12 

85-90 

18.8 

19.4 

71 

137 

146 

160 

5,112 

3,408 

197 

131 

8,979 

5,102 

13 

90-95 

19.4 

19.9 

68 

140 

147 

160 

5,372 

3,604 

216 

144 

9,455 

5,442 

4,083 

1,838 

Site 

index  100- • 

-9  year  thinning 

interval- 

-(Dt6)2  spacing 

Start 

30 

7-9 

— 

335 

— 

— 

n6 

1,742 

— 

— 

1,742 

1 

30-39 

8.4 

11.3 

210 

81 

146 

l4l 

2,814 

1,092 

655 

— 

3,469 

1,092 

2 

39-48 

11.3 

13.3 

146 

102 

141 

154 

3,238 

1,679 

858 

333 

4,751 

2,012 

3 

48-57 

13.3 

14.9 

117 

113 

142 

159 

3,731 

2,106 

643 

334 

5,887 

2,773 

i* 

57-66 

14.9 

16.2 

100 

121 

143 

160 

4,167 

2,400 

542 

306 

6,865 

3,373 

5 

66-75 

16.2 

17.2 

88 

126 

142 

160 

4,481 

2,816 

500 

288 

7,679 

4,077 

6 

75-84 

17.2 

18.2 

82 

132 

148 

160 

5,002 

3,280 

306 

192 

8,506 

4,733 

7 

84-93 

18.2 

19.1 

74 

134 

147 

160 

5,292 

3,552 

488 

320 

9,284 

5,325 

3,992  1,773 


See  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  1 4 


TABLE  20 . - -Calculated  growth  and  yield  for  hypothetical  Ponderosa  ^rne  stands  of  site  index  120  for  2 thinning  regimes  using  the  (D+t  )2 

y 

spacing  formula 


Site  index  120 — 5 year  thinning  interval — (Dt6)^  spacing 


Thinning 

cycle 

Diameters 

Trees 
per  acre 

Basal  area — square  feet  per  acre 

Residual  volume 
per  acre 

Volume  removed 
per  acre 

Volume — 
cumulative 

residual  plus 
removed  per  acre 

No. 

Age 

Start 

End 

Thinned 

stand 

Unthinned 
dominant  stand 

Cu.  ft. 

Bd.  ft. 

X 10 

Cu.  ft. 

, Bd.  ft. 
X 10 

Cu.  ft. 

Bd.  ft. 

X 10 

Start 

End 

a) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

no) 

(id 

(12) 

(13) 

(14) 

Years 

in . 

in . 

No. 

Start 

30 

10.2 

— 

230 

— 

— 

133 

2,576 

920 

— 

— 

2,576 

920 

1 

30-35 

10.7 

12.9 

156 

97 

142 

150 

3,292 

1,685 

829 

296 

4,121 

1,981 

2 

35-ltO 

12.9 

14.6 

122 

111 

142 

162 

3,684 

2,159 

717 

367 

5,230 

2,822 

3 

40-45 

14.6 

16.0 

103 

120 

144 

169 

4,069 

2,451 

574 

336 

6,189 

3,450 

it 

45-50 

16.0 

17.2 

90 

127 

145 

174 

4,374 

2,745 

514 

309 

7,008 

4,053 

50-55 

17.2 

18.2 

81 

131 

146 

17c 

4,681 

3,013 

437 

275 

7,752 

4,596 

6 

55-60 

18.2 

19.1 

74 

134 

147 

177 

4,928 

3,271 

405 

260 

8, 4o4 

5,114 

*7 

6o-6> 

19.1 

19.9 

69 

137 

149 

178 

5,265 

3,519 

333 

221 

9,074 

5,583 

8 

65-70 

19.9 

20.6 

65 

140 

150 

178 

5,525 

3,770 

305 

204 

9,639 

6,038 

9 

70-75 

20.6 

21.3 

62 

143 

153 

178 

5,909 

4,030 

174 

10,278 

6,472 

10 

75-80 

21.3 

21.9 

58 

144 

152 

178 

5,980 

4,205 

33: 

260 

10,730 

6,907 

4,750 

2,702 

Site 

index  120- 

-7  year  thinning  interval- 

-- ( D+6 )2  spacing 

Start 

30 

10.2 

— 

230 

--- 

133 

2,576 

920 

--- 

--- 

2,576 

920 

1 

30-37 

10.7 

13-5 

156 

97 

155 

155 

3,744 

1,825 

829 

296 

4,573 

2,121 

2 

37-44 

13.5 

15.5 

115 

114 

151 

168 

4,152 

2,530 

984 

480 

5,965 

3,306 

3 

44-51 

15.5 

17.1 

94 

123 

150 

174 

4,568 

2,914 

758 

462 

7,139 

4,152 

u 

51-58 

17.1 

18.4 

82 

131 

151 

177 

4,994 

3,239 

583 

372 

8,148 

4,849 

5 

58-65 

18.4 

19.5 

73 

135 

151 

178 

5,329 

3,504 

548 

356 

9,031 

5,470 

6 

65-72 

19-5 

20.5 

67 

139 

154 

178 

5,809 

3,953 

438 

288 

9,949 

6,207 

7 

72-79 

20.5 

21.4 

62 

142 

155 

178 

6,095 

4,216 

434 

295 

10,669 

6,765 

4,574 

2,549 

V 


tee  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  lb. 


TABLE  21. — Calculated  growth  and  yield  for  hypothetical  Ponderosa  pine  stands  of  site  index  lUO  for  two  thinning  regimes  using  the 

2 y 

(l>f6)  spacing  formula 


Site  index  1^0--?  year  thinning  interval — (D+-6)^  spacing 


Thinning 

cycle 

Diameters 

Trees 
per  acre 

Basal  area — square 

feet  per  acre 

Residual  volume 
per  acre 

Volume  removed 
per  acre 

Volume — 
cumulative 

residual  plus 
removed  per  acre 

No. 

Age 

Start 

End 

Thinned 

stand 

Unthinned 
dominant  stand 

Cu.  ft. 

Bd.  ft. 
X 10 

Cu.  ft. 

, Bd.  ft. 

X 10 

Cu.  ft. 

Bd.  ft. 

X 10 

Start 

End 

a) 

(2) 

(3) 

00 

(5) 

(6) 

(7) 

(8) 

(9) 

do) 

(n) 

(12) 

(13) 

(14) 

Years 

in . 

in. 

No. 

start 

30 

12.1 

— 

177 

— 

--- 

148 

3,629 

1,805 

--- 

3,629 

1,805 

1 

30-35 

12.6 

15.0 

126 

109 

155 

165 

4,473 

2,709 

1,046 

520 

5,519 

3,229 

2 

35-40 

15.0 

16.8 

99 

121 

152 

179 

4,752 

3,109 

959 

581 

6,757 

4,210 

"3 

40-45 

16.8 

I8.3 

84 

129 

153 

190 

5,258 

3,444 

720 

471 

7,983 

5,016 

4 

45-50 

18.3 

19-5 

74 

135 

153 

197 

5,594 

3,774 

626 

410 

8,945 

5,756 

5 

50-55 

19.5 

20.6 

67 

139 

155 

202 

5,983 

4,121 

529 

357 

9,863 

6,460 

6 

55-60 

20.6 

21.5 

62 

143 

156 

204 

6,287 

4,402 

447 

308 

10,614 

7,049 

7 

60-65 

21.5 

22.3 

58 

146 

157 

205 

6,612 

4,698 

406 

284 

H,3**5 

7,629 

8 

65-70 

22.3 

23-1 

54 

146 

157 

205 

6,804 

4,968 

456 

324 

11,993 

8,223 

5,189 

3,255 

Site 

index  lUO- 

-7  year  thinning 

interval-- 

-(I*6)2 

spacing 

Start 

30 

12.1 

— 

177 

--- 

--- 

148 

3,629 

1,805 

--- 

3,629 

1,805 

1 

30-37 

12.6 

15.7 

126 

109 

170 

171 

5,103 

3,226 

1,046 

520 

6,149 

3,746 

2 

37-1*1* 

15.7 

17-9 

92 

124 

161 

188 

5,520 

3,496 

1,377 

870 

7,9^3 

4,886 

3 

44-51 

17.9 

19.6 

76 

133 

159 

198 

5,928 

3,952 

960 

608 

9,311 

5,950 

h 

51-58 

19.6 

21.0 

67 

140 

161 

204 

6,432 

4,355 

702 

468 

10,517 

6,821 

T 

58-65 

21.0 

22.2 

60 

144 

161 

205 

6,780 

4,800 

672 

455 

11,537 

7,721 

6 

65-72 

22.2 

23.3 

55 

148 

163 

205 

7,150 

5,225 

565 

400 

12,472 

8,546 

5,322 

3,321 

See  appendix  for  source  or  derivation  and  explanation  of  columns  1 through  lU. 
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EXPLANATION  OF  VOLUME  EQUATIONS  (unpublished) 

Volume  calculations.  Application  of  regression  equations  I,  XI, 
IIXj  and  IV  to  hypothetical  timber  stands  to  study  results  from 
different  theoretical  thinning  regimes  required  volume  determinations. 
As  for  the  original  data  used  in  the  development  of  the  equations  , 
volume  tables  published  by  Meyer  were  used. 

The  multitude  of  volume  calculations  by  means  of  the  650  electrical 
computer  required  mathematical  expression  of  tree  volumes  in  terms  of 
d.b,h.  (D)  and  total  height  (H) « But  the  tables  used  ware  based 
primarily  on  free-hand  curves®  Accordingly,  the  required  equations 
of  tree  volume  given  below,  are  based  upon  values  in  the  tables  rather 
than  upon  the  actual  values  representing  measurements  of  tree  volumes 
which  provided  the  published  tables*  As  a consequence,  tests  of 
significance  are  not  valid,  although  derived  equations  must  fit  the 
tabular  data  more  than  reasonably  well,  based  upon  the  following 
cons ider at ions : 

For  a fixed  total  height  (H) , tree  volume  should  be  accurately 
given  in  term©  of  d,b®h®  (D)  by 

V 3*  a + bD  + cD2 

where  V is  tree  volume. 

Each  of  the  coefficients  a,  b,  and  c may  be  taken  a®  a linear 
function  of  tree  height  (H) , such  as 

a s a0  + ajH 
b « b©  + bjH 
c - c0  + C|H 
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and  upon  inserting  these  equivalents  into  the  original  form 

V = ao  + filH  + (bQ  + b^H)  D + (cQ  + c^E)  D2 
And  upon  parenthesizing  the  independent  variables 

V = aQ  + (H)  + bQ  (D)  + bx  (DH)  + c0  (D2)  + cj_  (D2H) 

It  is  well  known  that  the  relative  discrepancy  between  the  actual 
volume  of  a random  tree  and  the  corresponding  tabular  volume  is  about 
the  same  in  a small  and  big  tree,  whereas  the  corresponding  discrepancy 
in  the  actual  volume  unit  is  very  much  greater  in  the  big  tree.  In  the 
present  discussion,  accordingly,  the  discrepancies  between  actual  volume 
and  corresponding  tabular  volume  should  be  weighted  inversely  proportional 
to  the  square  of  tabular  volume.  Hence  the  sum  of  squares  of  residuals 
(S)  to  be  made  minimum  is 

S *[l  - a0  Cl/V)  - a | (H/V)  - bD  (D/V)  - bj_  (DH/V) 

- c0  (D2/V)  - c}  (B2H/V)  ] 2 

About  100  observations  from  each  of  the  three  tables  (32,  33,  and 
34,  Meyer  1938)  were  used  in  calculating  the  equations  expressing  volume, 
the  outcome  of  which  follows: 

If  is  the.  volume  in  cubic  feet  of  the  entire  tree  including  stump 
and  tip  but  not  bark  or  branches,  then 

VL  = 2.283  - 0,03666  (H)  + [o. 0103 9 (H)  - 0.6369s]  (D) 

+ jo. 001376  (H)  + 0.0394l]  (D2) 

If  V ^ is  the  voltame  in  board  feet  (International  rule  1 /8-inch  kerf) 
stump  to  6.0-inch  top  d.i.b.  then 

V2  = 16,80  - 0.3566  (H)  + [o. 04443  (H)  - 2,573lj  (D) 

+ Jo. 000384  (H)  + 0.05758]  (D2) 
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If  is  the  volume  in  board  feet  (Scribner  rule)  stum 
8.0-inch  top  d.i.b,  then 

v3  = 16,16  - 0.3464  (H)  ♦ £0, 03446  (H)  - 2, 1592 J (D) 

+ [o. 000484  (H)  + 0.043 75 J (D2 
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Appendix  table  1.—  Individual  tree  n’easureraents 
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EXPLANATION  OF  STAND  CONTROL  INFORMATION  (unpublished) 

An  effort  is  made  to  convert  the  findings  of  the  three  published 
papers  into  a simplified  program  for  ponderosa  pine  management  that 
can  be  applied  by  many  small  woodland  owners . 

It  is  assumed  that:  (a)  precommercial  thinning  will  not  be 
generally  applicable,  and  (b)  the  dominant  and  codominant  stand 
must  have  attained  an  average  d.b.h.  of  10  inches  before  commercial 
thinning  will  be  practiced  to  any  appreciable  extent. 

The  approximate  age  at  which  the  dominant  and  codominant  portion 
of  unmanaged  well-stocked  stands  on  soils  of  different  site  quality, 
reach  an  average  d.b.h.  of  10  inches  is  shown  in  Fig.  102  and  Table 

i/ 

103,  Beginning  at  this  time  with  appropriate  recurring  thinnings,  the 
average  diameter  growth  of  the  residual  stands  will  proceed  as  shown 
in  Fig.  102. 

Appropriate  thinning  interval  lengths  for  the  different  site 
classes  are  shown  in  Table  103.  (Forest  Science  9:(1)  33-43,  March, 
1963.  These  thinning  interval  lengths,  and  the  diameter-age  curve 
is  Fig.  102,  will  apply  no  matter  what  thinning  rule  is  used,  so  long 
as  the  thinning  is  adequate.  Operable  amounts  of  material  may  be  ex- 
pected to  be  available  at  each  thinning  to  justify  operations  when 
the  thinning  interval  lengths  specified  for  the  different  site 
quality  classes  are  used. 

When  a diameter-based  spacing  rule  is  used  as  a guide  in  thinning, 
and  the  course  of  diameter  growth  is  known  as  indicated  in  Fig. 102, 
it  is  possible  to  predict  the  approximate  number  of  trees  left  per  acre 
17  Statistics  for  these  stands  are  available  from  Table  7 and  Figs.  5, 
6,  and  7 in  an  earlier  section  of  the  material  presented  herewith. 
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at  each  thinning  and  at  the  end  of  the  rotation.  This  is  exemplified 
for  site  index  80  in  Table  101.  For  ready  reference  the  information 
is  often  presented  by  curves  showing  the  approximate  number  of  trees 
per  acre  over  diameter  for  the  diaoe ter -based  rule  employed.  The 
number  is  fixed  approximately  by  the  rule  at  the  time  of  the  preceding 
thinning  and  the  diameter  at  that  time  must  be  used  in  predicting  the 
number  of  trees  remaining  per  acre  (it  being  assumed  that  recurring 
thinnings  prevents  mortality  losses  during  the  thinning  cycles) . 

Woodland  planning  for  continuous  production  must  include  a 
consideration  of  appropriate  regeneration  cuttings.  This  may  be  done 
in  ponderosa  pine  by  group  selection  methods  designed  to  meet  the 
silvicultural  requirements  of  the  species.  That  is:  (a)  openings 

need  to  be  made  large  enough  to  promote  regeneration  and  growth. 

(b)  seed  sources  or  advanced  reproduction,  or  planting  must  be  adequate 
to  regenerate  the  openings,  (c)  seedbed  conditions  must  be  satisfactory, 
and  (d)  hazards  from  fire,  insects,  animals  and  competing  vegetation 
need  to  be  considered.  The  minimum  size  of  regeneration  openings  is 
assumed  to  be  about  100  feet  across. 

This  procedure  is  called  crop-tree  harvesting  and  it  is  convenient 
for  woodland  owners  to  control  the  total  amount  of  such  cutting  on  their 
enterprises  by  keeping  track  of  the  number  of  crop  trees  harvested  in 

this  manner  for  regeneration  purposes.  It  is  also  convenient  for  them 

to  plan  this  work  so  that  it  follows  each  thinning.  It  should  be 
considered  as  a separate  procedure  and  should  not  be  confused  with  the 

thinning  operations.  This  is  a simple  way  ©f  controlling  the  area  of 

clearcutting  to  regenerate  the  right  amount  at  each  thinning. 
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The  rate  of  crop  tree  harvesting  to  provide  the  proper  age-class 
distribution  i®  dependent  upon  the  length  of  the  rotation  and  the 
number  of  crop  trees  per  acre  that  are  expected  to  be  available  at 
the  end  of  the  rotation.  Table  102  exemplifies  this  information 
for  site  index  80  where  two  diameter -based  spacing  rules  have  guided 
the  thinnings. 

Harvesting  one  crop  tree  per  acre  per  year  fixes  the  rotation 
length  for  different  site  quality  classes.  By  plotting  information 
exemplified  in  Table  102  and  reading  the  age  at  which  the  curves  cross 
the  Hone  crop  tree  per  acre  per  year"  rate,  the  approximate  rotation 
age  is  obtained.  Rotation  ages  have  been  taken  from  Fig.  101  and 
summarized  with  other  stand  control  information  in  Table  103. 

Information  in  Table  103,  Fig.  101,  and  © standard  soil  survey  with 
woodland  interpretation®  are  a basis  for  establishing  a woodland  plan. 
This  simplified  program  can  be  fitted  to  any  set  of  woodland  conditions 
that  may  fee  encountered.  It  is  flexible  with  recpect  to  owner -operator 
wishes,  and  his  management  decisions  dictated  by  economic  conditions. 
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Table  102, --Required  rates  per  acre  per  year  of  crop  tree  harvesting  at  the 

time  of  last  thinning,  to  develop  proper  age-class  distributions, 
assuming  a rotation  to  the  end  of  the  12-year  thinning  cycle 
in  each  case,  Site  index  80,  


Age  at 
last 

thinning 

Assumed 

rotation 

length 

Numbers  of  crop  trees 
according  to  spacing 

to  harvest  per  acre  per  year 
formulae  used  A' 

(B+6)2 

(D+ij?F  - 

56 

68 

2.50 

2.90 

68 

80 

1.78 

1.93 

80 

92 

1.36 

1.40 

92 

104 

1.06 

1.05 

104 

116 

0.86 

0.83 

116 

128 

0,70 

0,66 

128 

140 

0.59 

0.55 

“^Number 

of  residual 

trees  per  acre  divided  by 

the  assumed  rotation  age. 

~,;The  biological  spacing  rule  (D+2.1)21.70 
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